Abstract. Ovarian cancer is one of the most malignant types of cancer of the female human reproductive track, posing a severe threat to the health of the female population. Numerous previous studies have demonstrated that microRNA (miR)-145 is downregulated in ovarian cancer, and that quercetin can inhibit the growth of cancer cells via regulating the expression of miRs. Therefore, the present study investigated the effect of quercetin on the expression of miR-145 in SKOV-3 and A2780 human ovarian cancer cell lines. The results revealed that the expression levels of cleaved caspase-3 in the SKOV-3 and A2780 cells were significantly increased following treatment to induce overexpression of miR-145 compared with treatment with quercetin alone (P<0.01). However, the expression of cleaved caspase-3 in the anti-miR-145 (miR-145 inhibitor) group of cells was markedly decreased compared with that in the miR-145 overexpression group (P<0.01). Taken together, the results suggested that treatment with quercetin induced the apoptosis of human ovarian carcinoma cells through activation of the extrinsic death receptor mediated and intrinsic mitochondrial apoptotic pathways.
Introduction
Ovarian cancer, also termed epithelial ovarian cancer, is the sixth most common type of cancer affecting female individuals worldwide, with a mortality rate of ~125,000 annually (1) . Ovarian cancer occurs as four major histological subtypes, serous, mucinous, endometrioid and clear cell, with serous being the most common (2) . According to previous studies, 5-year survival is observed in only 30% of patients with advanced-stage ovarian cancer, however, only 19% of all cases of ovarian cancer are diagnosed at an early stage (2, 3) , therefore, additional therapeutics strategies for ovarian cancer are required. Quercetin is one of the most abundant flavonoids in plants, fruits and vegetables, and possess several pharmacological properties that are closely associated with those of existing therapeutic agents, including cardioprotective, antiviral, anti-inflammatory and anti-aging properties, and capacities to extend lifespan (4) . Previous studies have demonstrated that quercetin not only induces tumor cell apoptosis, but also acts as a chemosensitizer in anticancer therapy via a different cell signaling pathway (5-7). Furthermore, quercetin can inhibit the growth of OVCAR-3 human ovarian cancer cells, associated with expression of vascular endothelial growth factor (VEGF) (8) . However, no data is available regarding the antitumoral activity of quercetin on the SKOV-3 and A2780 human ovarian cancer cell lines.
MicroRNAs (miRNAs/miR) are a novel class of endogenous, non-coding RNAs involved in post-transcriptional gene regulation by binding to a target site in the 3'-untranslated region of target mRNAs (9, 10) . miRNAs can function as regulatory molecules, which act as tumor suppressors or oncogenes and are involved in the development of human cancer (11, 12) . miR-145 is located on chromosome 5q32-33 within a 4.09 kb region (13) . miR-145 has frequently been reported to be downregulated in certain types of cancer, including bladder (13) and colon cancer, and acts as a tumor suppressive miRNA, which inhibits the growth, invasion and migration of cancer cells (14) . In a previous study, miR-145 was downregulated in ovarian cancer cells compared with normal groups of cells (15, 16) . Notably, the overexpression of miR-145 has been observed to suppress MCF-7 cell growth and induce apoptosis in vitro (17) . Another study suggested that dietary quercetin supplementation can increase the concentrations of hepatic miR-122 and miR-125b, which contribute to the gene-regulatory activity of quercetin in vivo, suggesting that quercetin regulates the expression of miRNAs (18). However, the exact mechanisms underlying the action of miR-145 in ovarian cancer remain to be elucidated and require further examination. The aim of the present study was to clarify the role of miR-145 in human ovarian cancer and elucidate whether quercetin induces the apoptosis of human ovarian cancer cell lines (SKOV-3 and A2780) via miR-145. MTT assay. The cell viability was determined using an MTT assay. Briefly, the cells were seeded in 96-well plates at 1x10 4 cells/well and treated without (control) or with different concentrations of quercetin (25, 50 or 100 µm/ml; Sigma-Aldrich, St. Louis, MO, USA) for 12, 24, 48 or 72 h at 37˚C. Subsequently, 10 ml MTT (Sigma-Aldrich) was added to each well, followed by incubation for 4 h at 37˚C. The medium was then removed and 150 ml dimethyl sulfoxide (Sigma-Aldrich) was added to solubilise the formazan produced. The optical densities of the cells were read at 490 nm using a Synergy™ HTX Multi-Mode Microplate Reader (BioTek, Winooski, VT, USA).
miRNA-145 extraction and purification. For extraction and purification, 5x10
6 cells were treated without (control) or with quercetin for 24 h at 37˚C. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to determine the expression levels of miR-145 in the cells with a Roche Lightcycler 480 (Roche Diagnostics, Mannheim, Germany). Initially, total RNAs were extracted from the cultured cells using TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA, USA). The RT-qPCR analysis of the levels of miR-145 was performed using a TaqMan Reverse Transcription kit and TaqMan microRNA Assay kit (Applied Biosystems, Carlsbad, CA, USA), according to the manufacturers' instructions. Primers were purchased from Invitrogen Life Technologies and the sequences were as follows: miR145 forward, 5'-ACA CTC CAG CTG GGC AGG TCA AAA GGG TCC-3' and reverse, 5'-TGT GAG GTC GAC CCG TCC AGT TTT CCC AGG-3'. and U6 forward, 5'-TGC GGG TGC TCG CTT CGG CAGC-3' , which could ensure the specificity of the PCR products and reverse 5'-GGT GTC GTG GAG TCG-3' , which was universal. The PCR cycling conditions were set as follows: Initial denaturation at 95˚C for 5 min, followed by 30 cycles at 94˚C for 0.5 min, 56˚C for 1 min and 72˚C for 0.5 min, and a final extension at 72˚C for 10 min. The expression levels of miR-145 were calculated by calculating the threshold cycle (Ct) values and using the 2 -ΔΔCt method, with U6 as an internal control (14-16).
Transfection of anti-miR-145. The human ovarian cancer cell lines SKOV-3 and A2780 were transfected with 100 nmol/l of the miR inhibitor, anti-miR-199a (Ambion, Austin, TX, USA). At 24 h after transfection, the cells were treated with or without quercetin.
Western blotting. Following harvesting, the cells were washed in phosphate-buffered saline (PBS) and lysed in 1X sodium dodecylsulfate (SDS) loading buffer (Sigma-Aldrich). The lysates were then clarified via centrifugation at 15,000 x g for 10 min at 4˚C and collected. The protein concentrations were determined using a Bradford assay (Bio-Rad Laboratories, Hercules, CA, USA). Equivalent quantities of protein (20-50 µg) were separated using SDS-PAGE. Briefly, the proteins were resolved using 12% SDS-polyacrylamide gels and transferred onto polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA 
Results

Inhibitory effect of quercetin on SKOV-3 and A2780 cell
growth. Following treatment with quercetin at different concentrations, the growth of the SKOV-3 and A2780 cells were inhibited in a dose-and time-dependent manner, as determined by the MTT assay ( Fig. 1A and B) . Furthermore, the half maximal inhibitory concentration (IC 50 ) value of the two cell lines at 48 h was 50 µm/ml.
Quercetin stimulates the expression of miR-145.
To determine whether quercetin induces the expression of miR-145 in the SKOV-3 and A2780 cells, RT-qPCR was performed. Following quercetin treatment at different concentrations, the expression levels of miR-145 in the SKOV-3 and A2780 cells increased in a dose-dependent manner compared with the untreated control group, at 24 h (Fig. 2) . Therefore, this change suggested that miR-145 may be important in the inhibitory effect of quercetin on SKOV-3 and A2780 cell growth. 
Anti-miR-
Quercetin stimulates the expression of caspase-3 via upregulating the expression of miR-145.
To confirm the mechanism underlying the upregulated expression of miR-145 by quercetin on the growth of the SKOV-3 and A2780 human ovarian cancer cell lines, the expression of cleaved caspase-3, a cell apoptosis marker, was examined. This was assessed in the SKOV-3 and A2780 human ovarian cancer cell lines, with or without the overexpression of miR-145 or following transfection with anti-miR-145 and with 50 µm/ml quercetin for 24 h. As shown in Fig 4A and B , the expression levels of cleaved caspase-3 in the SKOV-3 and A2780 cells were significantly increased when miR-145 was overexpressed compared with those treated with quercitin alone (P<0.01). However, the expression of cleaved caspase-3 in the anti-miR-145 group was markedly decreased compared with the overexpressed miR-145 group (P<0.01). Therefore, these results suggested that the extrinsic death receptor-mediated and intrinsic mitochondrial pathways were involved in quercetin-induced apoptosis.
Discussion
The present study is the first, to the best of our knowledge, to demonstrate that quercetin induced apoptosis in the SKOV-3 and A2780 human ovarian carcinoma cell lines, via upregulation of the expression of miR-145, which significantly induced the activity of caspase-8 and -9, and the expression of cleaved caspase-3. These results suggested that quercetin, a common constituent in food, may be used as an antitumoral therapy in human ovarian carcinoma by inducing apoptosis. Quercetin is present in certain fruits and vegetables and has been observed to possess antitumoral properties in cancer, including lung cancer (6), leukemia (19) and breast cancer (20) . Furthermore, quercetin inhibits the growth of OVCAR-3 human ovarian cancer cells, associated with the expression of VEGF (8) . In the present study, quercetin was administered at different doses resulting in the inhibition of SKOV-3 and A2780 cell growth in a dose-and time-dependent manner ( Fig. 1A and B) , and the IC 50 value of the two cell lines at 48 h was 50 µm/ml. These results suggested that quercetin may inhibit the growth of SKOV-3 and A2780 cells. miRNAs may function as regulatory molecules, which act as tumor suppressors or oncogenes and are involved in the development of human cancer (11, 12) . Several studies have reported that the expression of miR-145 is downregulated in human ovarian cancer (15, 16) . By contrast, dietary quercetin supplementation may increase the hepatic expression levels of miR-122 and miR-125b, which contribute to the gene-regulatory activity of quercetin in vivo, and suggest that quercetin regulates the expression of miRNA (18). The exact mechanisms underlying the effect of miR-145 in ovarian cancer have not been previously reported and, therefore required further examination. The present study demonstrated that quercetin increased the expression levels of miR-145 in the SKOV-3 and A2780 cells in a dose-and time-dependent manner compared with the control group at 24 h (Fig. 2) , and these changes were reversed by anti-miR-145 ( Fig. 3A and B) . Furthermore, the expression of cleaved caspase-3, a cell apoptosis marker, which induces cell death (21, 22) was examined. Following overexpression of miR-145 or transfection with anti-miR-145 prior to treatment with 50 µm/ml quercetin for 24 h, the expression levels of cleaved caspase-3 in the SKOV-3 and A2780 cells were significantly increased when treated with overexpressed miR-145 compared with quercetin treatment alone (P<0.01). However, the expression of cleaved caspase-3 in the anti-miR-145 group was markedly decreased compared with the overexpressed miR-145 group (P<0.01). Therefore, these results suggested the involvement of the extrinsic death receptor-mediated and intrinsic mitochondrial pathways in quercetin-induced apoptosis. In conclusion, the present study indicated that miR-145 may be important in quercetin-induced apoptosis in ovarian cancer cells. However, the role of quercetin in the modulation of miR-145 requires further clarification.
